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Abstract Venous thromboembolism (VTE) is among the most feared complications by ortho-
pedists both for due to its potentially lethal outcome and the uncertainties related to its
prevention. Despite the vast literature on VTE prevention in major orthopedic
surgeries, little is known about it in ankle and foot procedures. In orthopedics,
adequate thromboprophylaxis requires a careful assessment of the thrombotic and
hemorrhagic risks based on the procedure to be performed, as well as and knowledge
on anticoagulant agents. The presentis review has the goal of assessing the risk of
developingdiscusses VTE risk assessment, the modalities of thromboprophylaxis
modalities, and the drugs used, with an emphasis on foot and ankle surgeries.
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Resumo O tromboembolismo venoso (TEV) é uma das complicações mais temidas pelos
ortopedistas, tanto pelo seu desfecho potencialmente letal quanto pelas incertezas
relacionadas àa sua prevenção. Apesar da vasta literatura existente sobre a prevenção
de TEV nas grandes cirurgias ortopédicas, pouco se sabe sobre sua prevenção nas
cirurgias do tornozelo e do pé. Uma adequada prescrição da tromboprofilaxia em
ortopedia exige criteriosa avaliação dos riscos trombóticos e hemorrágicos mediante
com base no tipo de cirurgia a ser realizada, além do conhecimento sobre os
anticoagulantes. Esta revisão tem como objetivos abordar a avaliação do risco de
desenvolver TEV, as modalidades de tromboprofilaxia, e os fármacos utilizados, tendo
como ênfase as cirurgias do pé e do tornozelo.
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Introduction

Venous thromboembolism (VTE) is the main cause of pre-
ventable death at hospital environments,1 and one of the
most known and feared complications of orthopedic surger-
ies. It usually presents as deep-vein thrombosis (DVT) and
pulmonary thromboembolism (PTE). Deep-vein thrombosis
can be complicated by postthrombotic syndrome (PTS) and
PTE; in turn, PTE may result in chronic thromboembolic
pulmonary hypertension (CTHP) and death.2 The incidence
of VTE in the general population is of approximately 1 to
2:1,000 people per year.3

Most data on VTE prevention in orthopedics relates to
major orthopedic surgeries, such as knee and hip arthro-
plasties.4–6 The main guidelines on the subject refer to
objective recommendations for surgical prophylaxis,1,4,7

including clear definitions on the type of drug and the
duration of the treatment.

For surgeries below the level of the knee, however, the
approaches and recommendations remain unclear. The
guideline of the American College of Chest Physicians
(ACCP) suggests not using pharmacological thromboprophy-
laxis for isolated lesions below the knee.4 Similarly, the
American Academy of Orthopedic Surgeons states that there
is no specific guideline for prophylaxis in ankle and foot
surgeries.8 Another consensus establishes guidelines related
to risk factors, but it does not define objective parameters for
pharmacological thromboprophylaxis or the ideal moment
to start it.9 Themost recent reccomendation of the American
Society of Hematology does not mention ankle and foot
injuries at all.7

The present reviewaims to present data on the incidence of
VTE inankleand foot surgeries, to identify themain risk factors
in these scenarios, and to discuss the tools for the prediction of
the risk and the alternatives for thromboprophylaxis.

Incidence

Lower-limb DVT (LL-DVT) rarely occurs after an ankle and
foot orthopedic intervention; this is in contrast with major
hip and knee surgeries, in which the incidence of LL-DVT
ranges from 40% to 60%.1

In a meta-analysis with 43,381 patients, the incidence of
symptomatic VTE was of 0.6% (95% confidence interval [95%
CI]: 0.4% to 0.8%) in patients undergoing miscellaneous foot
or ankle procedures, including cases of trauma or elective
surgeries, with no thromboprophylaxis. Among those receiv-
ing some type of prophylaxis, the incidence of VTE was of
1.0% (95%CI: 0.2% to 1.7%),9 possibly because these patients
were in amore severe condition and/or hadmore risk factors
for VTE.

Ina retrospective cohort10with22,486patientsundergoing
ankle and/or foot surgery between 2008 and 2011, 173 (0.8%)
patients had symptomatic VTEwithin 6 months following the
procedure.10When assessed according to surgical site and the
occurrence of thrombosis, 65.6% of VTE cases were associated
to hindfoot and ankle surgeries,whereas 11.1%were related to
midfoot surgeries, and 26.7%, to forefoot procedures.

It is known that rupture of the Achilles tendon is the foot-
and-ankle condition most often associated with VTE. Data
from a meta-analysis9 show that in 1,060 patients with
rupture of the Achilles tendon clinically assessed for VTE,
the condition was confirmed in a total of 74 (7%) subjects.9

From1997 to 2015, 28,546 patientswith acute rupture of the
Achilles tendon submitted to surgical or non-surgical treat-
ment were assessed for VTE.11 Among them, 389 (1.36%)
were diagnosed with thrombosis, including 278 (0.97%)
cases of LL-DVT and 138 (0.48%) cases of PTE. In another
prospective cohort study12 with 291 patients with acute
rupture of the Achilles tendon, 14 patients (4.81%) were
diagnosed with VTE within 33 days after surgery.12

It is worth noting that most thromboembolic events
reported in the aforementioned studies were asymptomatic,
diagnosed by postoperative screening imaging tests alone.
Therefore, most of these events are of little or no clinical
relevance. For instance, in a prospective cohort study13

including 114 elective foot and/or ankle surgeries performed
on 111 patients, 29 subjects (25.4%) had DVT, but most cases
(20/29, or 68.9%) were diagnosed on a screening ultrasound
2 weeks after surgery.13 In another prospective cohort
study,14 216 patients undergoingmiscellaneous foot or ankle
surgery were screened for DVT using an ultrasound of the
lower limbs 2 to 6 weeks after surgery. The incidence of VTE
was of 5.09% (11/216), and 3/11 patients had asymptomatic
DVT.14 Thus, since most asymptomatic venous thromboem-
bolic events have little clinical repercussion and less than
10% of the cases of symptomatic distal LL-DVT present
proximal extension,15 VTE screening using ultrasound in
asymptomatic patients undergoing surgery below the level
of the knee should not be routinely performed. This test
should be indicated for subjects with clinical suspicion of
DVT.9

Still, the great difficulty in determining the risk of devel-
oping VTE in patients with injuries below the level of the
knee stems from the following: 1) most studies are based on
case series; 2) these studies provide inadequate information
on the eventual use of thromboprophylaxis; 3) due to the low
incidence, the number of VTE patients in these studies does
not enable sufficiently robust conclusions;16 and 4) the
scarcity of studies assessing the impact of associated risk
factors on the occurrence of VTE in patients submitted to
surgical procedures below the level of the knee.9,17–19

Risk factors

Orthopedic surgeries, especially major hip and knee proce-
dures, are high-risk interventions for VTE.3 However, even
though the thrombotic risk is lower, ankle and foot proce-
dures usually require some time of restricted lower-limb
support on the ground and/or immobilization, adding to the
risk of developing VTE.9,17

Immobilizationofa lower limb topreventcontractionof the
calf muscles has been shown as an important isolated risk
factor forVTE after procedures below the level of theknee.20,21

In addition, it is known that the longer the immobilization
time, the greater the risk of developing VTE.22 Moreover, the
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lack of ground support for the lower limb is associatedwith an
increased risk of developing VTE, and, along with immobiliza-
tion, it adds upas amajor risk factor.23 Immobilizationwith no
support for a period of 2 to 8 weeks is associatedwith a 9-fold
higher risk of developing VTE (odds ratio [OR]: 9.0; 95%CI: 1.8
to 44.3) compared to immobilization for a shorter period of
time.10 Although some authors consider that support of the
lower limb on the ground enables the termination of the
pharmacological prophylaxis14 because the support provides
greater mobility to the patient, this measure still requires
additional studies to prove its effectiveness.

To date, themain risk factor for the development of VTE in
patients submitted to procedures below the level of the knee
is the history of previous thrombosis,9–11,24 although this is
considered a minor risk factor when the surgeon assesses an
orthopedic patient.17,25 The identification of this risk factor
is considered the only formal indication to prescribe phar-
macological thromboprophylaxis in this population.4

Other high risk factors for the development of VTE in
ankle and foot surgeries are obesity (body mass index [BMI]
above 30 kg/m2),9,10,18,26 age over 50 years,9–11,17,26 and
use of estrogenic compounds in women. Oral contraceptives
and hormone-replacement therapy are risk factors for the
development of classic VTE in the general population, being
identified in most patients with VTE after ankle and foot
surgeries or immobilization.9,10,17,19 In addition, genetic
risk factors, such as factor V Leiden, non-O blood type or
elevated factor VIII levels must be considered when assess-
ing the risk of developing VTE in foot and ankle surgeries,
since they are known risk factors for other orthopedic
procedures.21,27,28

An interesting question regarding ankle and foot condi-
tions is the impact of the surgical site on the development of
VTE. Patients surgically treated for injuries to the Achilles
tendon appear to be those most at risk, with an incidence of
VTE ranging from 1.36% to 7.00%.9,11,18,19 The incidence of
VTE also appears to be increased in ankle (1.0%),26 hindfoot
(0.14% to 1.1%)18,29 and forefoot (0.03% to 4.00%)
conditions.14,26,30

Risk-assessment tools

A major challenge for orthopedists treating ankle and foot
injuries is to define which subjects are at greatest risk of
developing VTE and, therefore, could benefit from pharma-
cological thromboprophylaxis. Due to the low incidence of
VTE in ankle and foot surgeries and the miscellaneous VTE-
related risk factors and comorbidities, this is a difficult task,
since complications resulting from VTE (mainly from LL-
DVT), such as PTE and PTS, although rare, are extremely
harmful.10

Several tools have been developed to assess the patient’s
individual risk of developing VTE. Saragas et al.14 analyzed
the Thrombosis Risk Factor Assessment form, in which risk
factors are scored and added to quantify the risk of develop-
ingVTE. These authors evaluated 216patientswith ankle and
foot injuries treated by surgery, from hindfoot deformities to
fractures and correction og bilateral halux valgus. They

identified that the average score of the group that developed
VTE was 7.7 (range, 4 to 13 points), with 90.9% of these
patients scoring 5 or more points. Thus, they recommend a
score of 5 as the cutoff point to initiate pharmacological
thromboprophylaxis in patients undergoing ankle and foot
orthopedic surgeries.

Another tool used in the assessment of the risk of devel-
oping VTE is from the National Institute for Health and Care
Excellence (NICE), in the United Kingdom.31 One of the
advantages of this tool is its ability to assess all inpatients,
not surgical subjects alone. In addition, the tool analyzes
three important points: patient mobility, the risk factors for
the development of VTE, and the risk of developing bleeding.
The usefulness of this tool has been confirmed in prospective
studies including patients with ankle fractures, injuries to
bones of the foot, and ruptures of the Achilles tendon who
received an immobilizing plaster cast or were surgically
treated.12,32 Nevertheless, despite the great advantage of
considering the risk of developing bleeding in the analysis,
the concept of mobility is not well defined, which can lead to
misinterpretations and wrong decisions.

The Caprini score, which was developed for surgical
patients in general25,33 analyzes patient- and procedure-
related risk factors; a total score � 3 points indicates high
risk (►Figure 1).25 Although it has not yet been validated
for general orthopedic surgery, the Caprini score has
already been validated for some specific orthopedic sur-
geries, such as hip fractures,34 hip and knee arthroplas-
ties,35 and general fractures.36 In addition, it has also been
validated for other surgical specialities, such as plastic
surgery,37,38 ear, nose and throat surgery,39 and oncologic
gynecology surgery.40

Since the Caprini score has already been validated in
several surgical areas, it seems to be the most reliable and
comprehensive for general orthopedic surgeries. However,
the concept of assessment of the thrombotic risk in general
orthopedic surgeries, and not in hip and knee surgeries
alone, needs to be disseminated in the clinical practice.
This will improve the prediction of the risk of developing
VTE and result in more suitable thromboprophylaxis proto-
cols for different groups at a higher risk of developing
thrombosis.

Thromboprophylaxis modalities

Mechanical thromboprophylaxis
Mechanical thromboprophylaxis is based on gradual com-
pression of muscles over veins, bolstering venous return.16

In orthopedic surgeries, mechanical thromboprophylaxis
can be performed using intermittent pneumatic compres-
sion devices (IPCDs) and elastic compression stockings.41 In
a recent meta-analysis42 with 16,164 patients, IPCDs were
effective in reducing VTE in hospitalized subjects when
compared to placebo, with a relative risk (RR) of developing
DVT of 0.43 (95%CI: 0.36 to 0.52) and an RR of developing
PTE of 0.48 (95%CI: 0.33 to 0.69).42 As advantages, these
devices do not have the adverse effects presented by
anticoagulant drugs, such as bleeding, nor do they require
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laboratory monitoring.43 However, they present an impor-
tant disadvantage, that is, low postoperative adherence,
since many patients undergoing ankle and foot surgery
are immobilized, which prevents using these devices on
the operated limb. Thus, IPCDs are reserved for the contra-
lateral limb during hospitalization. It should be noted that
the simplest mechanical method for the prevention of VTE
is early walking.22,43

Pharmacological thromboprophylaxis
The use of drugs for VTE prophylaxis (pharmacological
prophylaxis) in ankle and foot surgeries is more widespread
than mechanical prophylaxis. This is due to the lower avail-
ability of compression devices, the costs of the compressive
stockings, the lower ease of use and local factors, such as the
need for lower-limb immobilization after these procedures.

The drugs approved for thromboprophylaxis in orthope-
dic surgeries include acetylsalicylic acid (ASA), heparins
(both unfractionated heparin [UFH] and low-molecular-
weight heparin [LMWH]), direct-acting oral anticoagulants,
andwarfarin. If these medications are used before surgery, it
is important to observe the necessary withdrawal period
prior to the procedure to avoid bleeding (►Table 1). Each of
these drugs acts at a certain stage of the coagulation path-
way, inhibiting different factors (►Figure 2).

Acetylsalicylic acid inhibits cyclooxygenase, decreasing
the synthesis of prostaglandins and thromboxane, resulting
in inhibition of platelet aggregation. It is an easily accessible,
inexpensive drug with a long history of use. Although the
literature is controversial on recommending ASA as a single
agent for thromboprophylaxis, recent studies44 demonstrate
that it can be used after a short five-day cycle of a direct-
acting oral anticoagulant (rivaroxaban) in hip and knee
arthroplasties.45,46 Studies on ASA as a thromboprophylaxis

agent in ankle and foot surgeries are still scarce, as noted in a
recent consensus on the subject.17

Unfractionated heparin and LMWH inhibit several coagu-
lation proteases (►Figure 2). Unfractionated heparin acts
indirectly, binding to antithrombin (a natural anticoagulant)
and bolstering its inhibitory action on various coagulation
proteases, including thrombin (factor IIa) and factor Xa.41

Low-molecular-weight heparin results from the partial di-
gestion of UFH, and it presents a reduced ability to bind to
other plasma proteins and a greater specificity against factor
Xa. Both forms are effective, safe, and administered by
subcutaneous route. However, LMWH is easiest to use (single
daily dose) and related with a lower risk of heparin-induced
thrombocytopenia and lower osteopenia-inducing effects.47

Thus, LMWH is the most recommended anticoagulant for
VTE prophylaxis in ankle and foot surgeries, even according
to themost recent guidelines;9,17 so far, LMWH is the drug of
choice for both surgical and non-surgical patients at risk of
developing VTE as long as they are immobilized.17

Direct-acting oral anticoagulants (DAOAs) are a new class
of drugs specifically targeted to counter factor Xa (apixaban,
rivaroxaban, edoxaban, betrixaban) or factor IIa (dabigatran).
Their main advantage is the lack of requirement for periodic
monitoring through laboratory tests or parenteral/subcuta-
neous administration. In addition, they are safer drugs
compared to warfarin regarding severe bleeding, even
though DAOAs are more commonly related to gastrointesti-
nal hemorrhage.

Rivaroxaban, apixaban and dabigatran have been ap-
proved for VTE prophylaxis in knee and hip arthroplas-
ties.48,49 Still, none of these drugs were approved for use
in proximal femur and hip fractures.4,7,50 Despite the ap-
proval of the use of DAOAs in major orthopedic surgeries,
current data refer only to rivaroxaban for VTE prophylaxis in

Fig. 1 Caprini score. Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; DVT, deep venous
thrombosis; h, hours; LLs, lower limbs; VTE, venous thromboembolism. Source: Adapted from Caprini JA. Risk assessment as a guide for the
prevention of the many faces of venous thromboembolism. Am J Surg 2010;199 (1 Suppl):S3–1025.
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surgeries below the level of the knee. In a randomized study
with 3,604 patients treated with 40mg of subcutaneous
enoxaparin or 10mg of oral rivaroxaban, both administered
once a day, rivaroxabanwasmore effective in preventing VTE
than enoxaparin (RR: 0.25; 95%CI: 0.09 to 0.75), with no
increased risk of bleeding.51

Warfarin is a vitamin K antagonist that inhibits the
synthesis of calcium-dependent coagulation factors (factors
II, VII, IX and X), as well as proteins C, S and Z.41 The
recommended dose varies, mostly ranging from 5mg to
10mg a day during the postoperative period.41 Although
cheap andwidely available, warfarin should only be used as a
thromboprophylactic agent in orthopedic surgeries when
heparins or DAOAs are not available. Warfarin requires
continuous monitoring of prothrombin time and its deriva-
tive, the international normalized ratio (INR), which should
have a target value between 2 and 3 in order to be considered
adequate for VTE prevention. Since its average half-life is of
2.5 days, the administration of warfarin must be terminated
at least 3 days before surgery.52

Duration of the thromboprophylaxis

Pharmacological thromboprophylaxis must started 12 hours
after surgery if the patient has no active bleeding or high risk
of developing bleeding.53

The duration of the pharmacological thromboprophylaxis
is well defined in certain orthopedic procedures, such as
major orthopedic surgeries (hip and knee arthroplasties), in
which postoperative anticoagulation must be performed for
at least 10 to 14 days, and can reach up to 35 days.4 Anti-
coagulation may be suspended until the patient starts to
walk, as long as it has been performed for at least 10 to

14 days. However, the simple replication of these time
periods in ankle and foot surgeries is not adequate.

The use of some sort of immobilization in the treatment of
ankle and foot conditions is associated with VTE in 4.3% to
40.0% of patients, regardless of the fact that they have been
treatedsurgicallyorclinically.54The lackof lower-limbsupport
on the ground and the use of a partial support are risk factors
for the development of DVT.23,55 As a result, immobilization
and the fact that the foot is not resting on the ground must be
considered when defining the duration of the prophylaxis.

Specialists usually agree that prophylaxis must be sus-
tained throughout the immobilization period,17 or at least
while the patient remains with no support, but immobilized.
Prophylaxis may be terminated as soon as the treated lower
limb is supported or after the removal of the immobilization
even without support, which will enable the active contrac-
tion of calf muscles, reducing the risk of developing VTE.14

Complications

The major debate about prophylaxis lies on the potential
complications resulting from the thr administration of antico-
agulant agents, especially in major surgeries. However, infor-
mation on the occurrence of pharmacological prophylaxis-
related complications in ankle and foot surgeries is scarce.

A possible anticoagulant-related complication in lower-
limb surgery is bleeding, which occurs in 0.3% to 1% of
cases.49,56 The factors associatedwith increased postoperative
bleeding in this group of patients are revision surgeries,
perioperative bleeding greater than expected, aggressive
soft-tissue dissection, recent gastrointestinal or genitourinary
bleeding, concomitant anti-platelet therapy, and advanced
kidney disease.57

Table 1 Drugs most used for the prophylaxis of venous thromboembolism in orthopedic surgeries

Drug Dose Time for withdrawal from the preo-
perative therapy

Notes

Acetylsalicylic
acid

100mg/day, single dose, orally 5 to 10 days before surgery It should not be used as a monotherapy. Use
as extended therapy after 5 days of rivarox-
aban in patients with low thrombotic risk

LMWH -
enoxaparin

40 mg/day, single dose, subcutaneous 12 hours if low risk of bleeding; 24 hours if
high risk of bleeding

Start 12 hours after surgery

LMWH -
dalteparin

5,000 IU/day, single dose, subcutaneous 12 hours if low risk of bleeding; 24 hours if
high risk of bleeding

Start 12 hours after surgery

LMWH -
nadroparin

38 IU of anti-Xa per kilogram of bodyweight
(0.2 to 0.4mL); increase by 50% on the
fourth postoperative day (0.3 to 0.6mL).

12 hours if low risk of bleeding; 24 hours if
high risk of bleeding

Start 12 hours after surgery

Rivaroxaban 10mg/day, orally 24 hours if low risk of bleeding; 48 hours if
moderate or high risk of bleeding, or in
elderly patients

Start> 6 hours after surgery

Dabigatran 220mg/day, orally 48 to 72 hours if normal renal function;
minimum of 5 days for major orthopedic
surgeries

Start with 110mg 1 to 4 hours after surgery,
followed by 220mg once a day

Apixaban 2.5 mg orally, twice a day 24 hours if low risk of bleeding; 48 hours if
moderate or high risk of bleeding

Start� 12 hours after surgery

Warfarin In most cases, 5-10 mg/day, orally 3 to 5 days After the third day, adjust per INR with a
therapeutic target of 1.5 to 2.5. Start 12 to
24 hours after surgery. We suggest a vali-
dated warfarin dose-adjustment nomogram

Abbreviations: INR, international normalized ratio; LMWH, low-molecular-weight heparin.
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Other potential local complicationsarebruises,49whichcan
result in surgical wound dehiscence and infection, often with
dramatic presentation in ankle and foot surgeries. In addition,
heparin-induced thrombocytopenia, a complication consid-
ered severe due to the increased risk of thrombotic events, is
more common in surgical patients, with an incidence rate of
0.20% to 0.36% in subjects treated with LMWH.58,59

Final Considerations
Venous thromboembolism is a complication of the treatment
of ankle and foot conditions. Although its incidence is lower
compared to hip and knee surgeries, robust studies are still
required to assess the concomitant risk factors that interact
and increase the risk of developing VTE. The assessment of
risk factors associated with the type of orthopedic surgery
should be individualized to substantiate and direct the focus
of the thromboprophylaxis on groups at a higher risk. The
current studies lack evidence for a universal thrombopro-
phylaxis recommendation in ankle and foot surgeries.

Once pharmacological thromboprophylaxis is indicated,
LMWH (usually enoxaparin) is the anticoagulant agent of
choice for VTE prophylaxis in patients submitted to ankle
and foot procedures. The use of DAOAs as thromboprophy-

lactic agents in orthopedic surgeries in injuries below the
level of the knee still requires further studies. To date, only
rivaroxaban has been shown to be effective and safe, and its
use has been approved. According to current guidelines,
other DAOAsmust be used only if the patient refuses heparin
and rivaroxaban is unavailable. Thromboprophylaxis must
be maintained throughout the period, with no limb support
or immobilization, since these are recognized risk factors for
the development of VTE.

Future studies should focus on the interaction of other risk
factors for the development of VTE concomitantlywith ankle
and foot orthopedic procedures, as well as on the validation
and improvement of risk-assessment tools and their auto-
mation. This will enable the identification of patients at the
highest risk, resulting in an adequate indication of prophy-
laxis to reduce the costs and complications.
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Fig. 2 Schematic representation of coagulation control and sites of activit of the main anticoagulants. Abbreviations: a, activated; AT,
antithrombin; FT, tissue factor; LMWH: low-molecular-weight heparin.
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